We demonstrate optical sensing with disorder-induced confined light on silicon nitride photonic crystal waveguides. For a refractive index change of ≈0.38, we measure 14 nm wavelength shifts of an optical resonance 0.4 nm broad.
Introduction
Optical sensing is of preeminent importance for a variety of applications [1] : it can enable detection of harmful or desired contaminants, it can confirm that expected reactions have taken place and can be used for quantitative analysis of the processes under study.
To this end, several kind of devices have been developed; in particular they have been based on plasmonic resonances [2] that have the advantage of relatively easy production and high yield, and photonic crystal cavities [3] that posses much sharper spectral resonances (and therefore higher sensitivity), but suffer from low scalability due to the highly engineered fabrication process required.
To overcome this issue, we follow a different approach and show that multiple scattering on unavoidable fabrication imperfections can be used as a platform for efficient light confinement in disordered photonic crystal waveguides. By using imperfections as a resource, we show that several high-quality optical cavities spontaneously appear along a fabricated photonic crystal waveguide operating at room temperature [4] . Such an approach represents a route for scalable, high quality optical sensors.
Discussion of the results
Silicon nitride suspended photonic crystal waveguides are fabricated and characterized by means of confocal photoluminescence spectroscopy, under 407 nm continuous-wave laser excitation. The emitted signal due to the intrinsic silicon nitride luminescence is collected by a confocal microscope and spectrally analyzed with a grating spectrometer equipped with a silicon charge-coupled device (see Fig.1a) . Sharp spectral resonances, a signature of light confinement by disorder, are visible in the spectra collected when moving the excitation/collection spot along the waveguides [4] . In order to characterize the response of our device to the presence of contaminants, we deposit an amount (estimated to be ≈ 20 pℓ on the photonic crystal waveguide area of approximately 10 3 µm 2 ) of isopropyl alcohol (with refractive index 1.38) on the sample's surface and monitor the emission wavelength of selected resonances throughout the process. When the contaminant is deposited on the sample, producing a local refractive index change of ≈ 0.38, we observe a spectral shift of 14 nm of a cavity resonance with a full width half maximum of 0.4 nm (see Fig. 2 ).
The process is reversible: when the contaminant evaporates, the resonance shifts back after a few hours (the position of the resonance in the first 30 min after deposition is shown in Fig.2b) . A calibration of the system would thus allow not only the verification of the presence of a contaminant but also the evaluation of its quantity and/or its refractive index.
Conclusions
We have demonstrated optical sensing with disorder-induced optical resonances, showing wavelength shifts of 35 times the linewidth of the optical cavity for a modest change in refractive index (≈ 0.38), in a device operating at room temperature. By making use of fabrication imperfections, one can obtain tens of high-quality optical resonances along a 100 µm long waveguide, without the need for highly engineered designs or iterative fabrication processes. Such an approach thus represents a novel route for scalable, room temperature, highly efficient optical sensors.
